The adsorption of Cr (III) from water by polyaniline composites with rice husk and saw dust of Eucalyptus camaldulensis has been investigated in this study. The surface of adsorbents was characterized by FT-IR. Effect of various operational conditions like agitation time, initial pH, adsorbent dose, particle size of composites and temperature were studied in batch mode. The suitability of the data was confirmed by Langmuir and Freundlich isotherms. Thermodynamic studies showed that adsorption of Cr (III) on these composites occur spontaneously. Rice husk and saw dust modified the morphology of polyaniline by preventing its aggregation and improving its adsorption capacity.
INTRODUCTION
The occurrence of heavy metal ions in water is a pervasive environmental issue at the moment. Chromium is considered as one of the top sixteen toxic pollutants. Chromium exists in environment both in trivalent and hexavalent forms of which hexavalent form is 500 times more toxic than the trivalent one. 1 Toxicity of chromium to human beings includes, skin irritation to lung cancer, as well as kidney, liver, and gastric damage. It has become a serious health concern because of its carcinogenic and teratogenic effects on organisms. 2 Chromium enters into the environment through various manufacturing units like paint industry, iron and steel industries, metal finishing industry and inorganic chemicals production units. Extensive use of chromium compounds results in large quantities of chromium containing effluents which need a scrupulous instant treatment before their discharge into water streams. WHO (World Health Organization, 1993) recommended guideline value for chromium (as total chromium) in drinking water as 0.05 mg/L (desirable) and the permissible limit of chromium for drinking water is 0.1 mg/L (as total chromium) in EPA standard, hence the removal of Cr (III) from wastewater is important before discharging them into main water streams of our ecosystem. 3, 4 Various methodologies have been adopted to remove Cr (III) from waste water. They include chemical precipitation, membrane process, ion exchange, liquid extraction and electrodialysis. All of these physical and chemical methods of treatment have many disadvantages such as incomplete metal removal, high reagent and energy requirements, high capital investment and running costs, generation of toxic sludge or other waste products that require further disposal or treatment. Effective and eco-friendly treatment is thus needed to be developed for reducing heavy metal contents. 5, 6 Adsorption is an effective and versatile method for removal of heavy metals when combined with appropriate desorption and metal recovery step solving the problem of sludge disposal. [7] [8] [9] It is a well known fact that nitrogen atom in compounds of amine derivative forms co-ordinate bond with positive charge of metals due to the presence of electron in sp 3 orbital of nitrogen. So, these types of materials having nitrogen donor atom are generally explored as adsorbents. 10, 11 The present laboratory-scale study aims at investigating the feasibility of polyaniline, a polymer with terminal amine (-NH 2 ) group for removal of Cr (III) form waste water. Bare polyaniline particles are mostly aggregated in solution, which results in lowering of adsorption capacity and slow kinetics. If this aggregation of polyaniline could be properly and directly controlled, the adsorption capacity could be enhanced amazingly. So in site polymerization of aniline onto the surface of other materials is adopted for controlling aggregation. 12 Polyaniline is one of the leading and widely used conducting polymers. Its general molecular structure is shown in Fig. 1 .
It is synthesized by using various methods chemically/electrochemically in the shape of powder or film. It is employed in many progressive applications, like rechargeable batteries, charge storage devices, protector shield in magnetic fields, sensors, biosensors, catalytic processes, microwave absorption, image processing and infrared optic applications because of its good combination of properties like low cost, ease of synthesis and environmental stability. 13 Polyaniline has also shown good potential for adsorbing heavy metals from the effluents. It contains a lot of imine and amine groups, which can chelate cationic metal ions as well as adsorb anionic metal species via electrostatic interactions or through hydrogen bonding. Therefore, it can be employed as base material for removal of heavy metals from wastewater. For example, adsorption of toxic hexavalent chromium in water was successfully carried out by this compound in powdered form. [14] [15] [16] The main concern of this work was to synthesize, characterize and compare the adsorption properties of the polyaniline/rice husk and polyaniline/ saw dust composites for removal of chromium (III) from water as compared to simple polyaniline in batch mode. The parameters studied include; particle size of adsorbent, influence of initial pH, dose of adsorbent, contact time interval, agitation rate and temperature. The adsorption isotherms and thermodynamics were investigated for determining the possible mechanism. Regeneration of adsorbents by various eluents was carried out. Optimized conditions of adsorption were applied for real industrial waste water effluents.
Experimental Work

Materials and Methods
Balance ER-120A (AND), Electric grinder (Ken Wood), pH meter (HANNA pH 211) and flame atomic absorption spectrophotometer (Perkin Elmer AAnalyst 100) using air-acetylene flame were used. All chemicals used during this research work of Anala R grade and were used as such. NaCl, Aniline, K 2 Cr 2 O 7 , HCl, NaOH, CrCl 3 .6H 2 O. Deionized water was used for the preparation of all types of solutions and dilutions where ever required. Rice husk and saw dust of Eucalyptus camaldulensis were purchased from local market and ground to 60 ASTM particle size. BET surface area of all synthesized adsorbents was determined using "ASAP 2000 (Micromeritics)" using nitrogen as adsorbate at 77 K. Stock solution of 1000 ppm of Cr (III) was prepared by dissolving 5.125g of chromium chloride per liter of deionized water. Standard solutions of Cr (III) were prepared by successive dilution of this Stock solution.
Preparation of adsorbents For preparing the polyaniline/rice husk (PANI/R.H) composite, 10.0 mL aniline was mixed with 100.0 mL of HCl (2.0 mol L -1 ) with constant stirring. This mixture was placed in a freezing mixture of ice and NaCl in an ice bath, followed by the addition of 0.1 mol L -1 K 2 Cr 2 O 7 dropwise. 2.0 g powdered rice husk was also added in it along with K 2 Cr 2 O 7 slowly. The mixture was stirred continuously for three hours. Its color turned dark green, indicating polymerization of aniline. This mixture was placed in refrigerator at -10.0 0 C for 24 hours for the complete precipitation of composites. These precipitates of composites were separated then by filtration and washed with acetone and 2.0 mol L -1 HCl for removing excess of residual monomer and other impurities. They were dried at 50 0 C for 48 hours in an oven. Polyaniline (PANI) was Fig.1 : General molecular structure of polyaniline. synthesized in the same way without rice husk addition. Polyaniline/saw dust (PANI/S.D) composite was synthesized by the adopting the same procedure and replacing rice husk with powdered saw dust of Eucalyptus camaldulensis. All the adsorbents were stored in colored glass bottles and used for further adsorption experiments.
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Fig. 2: Preparation of composites
FT-IR Characterization
The first step was the characterization of adsorbents surface to confirm the presence of groups like -OH, -CN, -NH, and -C=C-that can act as possible active sites for Cr (III) adsorption and to check the structural changes occurred due to composite formation in polyaniline. For this purpose, the adsorbents were characterized by recording their FT-IR spectra using FT-IR spectrophotometer (Perkin Elmer-RXI) in the range of 4000-700 cm -1 . The resulting characteristic vibration frequencies are presented in Table 1 .
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Adsorption Experiments
The adsorption studies were carried out at 25 ± 1 °C. pH of the solution was adjusted to different values according to the requirement, with 0.1 M HCl and 0.1 M NaOH. A known amount of different adsorbents (i.e. PANI, PANI/ R.H and PANI/S.D) was added to Cr (III) samples separately and allowed sufficient time for adsorption equilibrium. The effects of various parameters on the rate of adsorption process were investigated by varying contact time, (10-60 min), adsorbent amount (0.5-2.5g), initial pH of the solution (1-7), agitation speed (50-300 rpm) and temperature (10-80 °C). The solution volume was kept constant i.e. 50 mL. After attaining the adsorption equilibrium, all these mixtures were filtered off with sintered glass crucible. Filtrates were analyzed for chromium by flame atomic absorption spectrophotometer working at resonance wavelength 357.9 nm. The % age removal of metal ions in terms of adsorption was determined by the following equation-1:
Where C o and C e are the concentrations of Cr (III) before and after adsorption process respectively. In all batch experiments, average values were taken from triplicate measurements with the experimental error in the range of 0.5-2.0 %.
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Study of adsorption isotherms 50 mL of six solutions with concentrations 30, 40, 50, 60, 70 and 80 ppm were prepared by proper dilution of stock solution of Cr (III). The optimum conditions of pH, adsorbent dose, adsorbent particle size, agitation speed, temperature and contact time were adopted according to the sample of adsorbent used for studying adsorption isotherm. At the end, suspensions were filtered off and the filtrates were analyzed for remaining Cr (III) concentration by using flame atomic absorption spectrophotometer. Langmuir isotherm was plotted by using its standard straight-line equation-2:
The value of q is calculated by using this formula (Eq.3):
Where 'q' (mg g -1 ) is the amount of Cr (III) adsorbed, 'C e '(ppm) is the concentration of Cr (III) at equilibrium, 'q m ' (mg g -1 ) and b (L g -1 ) are Langmuir isotherm parameters which were calculated from the slope and intercept values of the linear plot of '1/q' versus '1/ C e '. Whereas 'V' is the volume of Cr (III) solution in liters and 'm' is the mass of adsorbent used. Freundlich isotherm was plotted using following standard straight-line equation-4:
The value of 'K F ' can be determined from intercept and '1/n' can be determined from the slope of the linear plot of 'log q' versus 'log C e '. 'K F ' and '1/n' are Freundlich isotherm parameters. 5, 8 Sorption thermodynamic Gibbs free energy change (ΔG o ) is a thermodynamic parameter which is the fundamental criterion of spontaneity of adsorption process. The process of adsorption occurs spontaneously at a given temperature if ΔG o is a negative quantity. Its value was calculated using relationship given in equation-5
Where ΔG o is the free energy change in KJ/mol, T is the absolute temperature in Kelvin, R is the universal gas constant with the value 8.314 J.mol/Kelvin and K is the reciprocal of Langmuir constant 'b'.
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Regeneration of adsorbents For finding a better eluent for desorption of Cr (III) form adsorbents for their reusability, various acids were tried. The used adsorbents were regenerated using 50 mL of 10.0 mmol L -1 solution of HCl, HNO 3 and CH 3 COOH separately in 250 mL Erlenmeyer flasks, while stirring at 100 rpm for 30 min at room temperature. After that, regenerated adsorbents were dried in an oven at 60 Where 'V' is the volume of the eluent used in Liters and 'm' is weight of the adsorbent in grams. % age desorption was calculated by comparing Cr (III) desorbed (q des ) to the Cr (III) adsorbed (q) using this equation: 15 (Eq.7)
RESULTS AND DISCUSSION
Characterization of adsorbents FT-IR spectra of polyaniline and its composites confirm the presence of a particular band found in the 1100-1140 cm -1 region. This is the characteristic band for conductive polyaniline and it is due to charge delocalization on the polymer backbone. The intensity of peak is the measure of conductivity and the delocalization of electrons. These observations suggested that there is no structural difference between isolated polyaniline and polyaniline in the composites. The characteristic peaks due to N-H stretching at 3400 and 3425 cm -1 in polyaniline and its composites were observed at 3401, 3406 and 3400 cm -1 . The peaks due to the aromatic C-H stretching are found at 2904, 2908 and 2902 in PANI, PANI/R.H and PANI/S.D respectively.
The band in the region of 1472-1586 cm -1 is indicative of the nitrogen bonded benzene (B), quinoid (Q) rings. The bands observed at 1574, 1589 and 1590 cm -1 in PANI, PANI/R.H and PANI/S.D correspondingly, are due to the stretching of N=Q=N group, whereas the bands observed at 1492, 1511 and 1497 cm -1 in polyaniline and its composites are due to the stretching of N=B=N group. In composites, these groups' vibrational frequencies show a shift towards higher wave number as compared to isolated polyaniline value which indicated the presence of physiochemical bonding between polyaniline and rice husk/saw dust. 18 The surface areas of PANI and its composites are recorded in Table 2 . It was found that modification of polyaniline with rice husk and saw dust had caused the surface area of the polyaniline to significantly increase, i.e., from 35.7 to 38.7 and 41.3 m 2 g −1 respectively. The pore size in PANI/S.D was larger in these adsorbents. The pores are large enough to allow the penetration of Cr (III) metal ions. 2.31 4.52 5.31
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Effect of particle size
To observe the effect of particle size of adsorbents on the rate of adsorption, different mesh sized polyaniline (PANI), polyaniline/rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) composites were used for adsorption. The results are shown in Fig. 3 .
Fig. 3: Effect of particle size on % age removal of Cr (III).
Maximum % age removal of Cr (III) was observed by polyaniline/saw dust (PANI/S.D) composite of mesh sized 40-60 microns. It was found that adsorption rate decreased with the increase in mesh size of adsorbents. The particle size decreases with increasing mesh size and surface area exposed for adsorption of Cr (III) increases. This is due to the increase in accessibility of adsorbate to the pores of the adsorbents with the decrease in particle size. But very small particles start aggregating and coagulating, resulting in decrease of adsorption.
5, 8, 15
Effect of adsorbent dose The effect of variation in the adsorbent dose on the % age removal of Cr (III) was studied. The results are presented in Fig. 4 . It was observed that the % age removal of Cr (III) was increased with increasing adsorbent dose. The maximum % age removal values were obtained when the adsorbent dose was 1.5 g using polyaniline (PANI), whereas 1.0 g employing polyaniline/rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) composites.
Fig. 4: Effect of adsorbent dose on % age removal of Cr (III).
This increase in adsorption with small adsorbent does in case of polyaniline/ saw dust (PANI/S.D) composites was due to the availability of more adsorption sites. The maximum % age removal of Cr (III) using polyaniline/saw dust (PANI/S.D) composite was 94.6%. In case of polyaniline/rice husk (PANI/ R.H) composite, the maximum % age removal of Cr (III) was 84%, whereas it was 78.09 % using isolated polyaniline (PANI). These results depicted that the saw dust composite with polyaniline enhanced its efficiency to remove Cr (III) by preventing its particles from aggregation and exposing more vacant sites for adsorption.
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Effect of contact time
The phenomenon of adsorption is a time dependent process. The effect of various time intervals on the % age removal of Cr (III) by Polyaniline and its composites was studied. The results are presented in Fig. 5 . The maximum % age removal values were obtained when the contact time was 20 minutes in case of polyaniline/saw dust (PANI/S.D) composite, while 30 minutes using polyaniline (PANI) and polyaniline/rice husk (PANI/R.H) composite.
Fig. 5: Effect of contact time on % age removal of Cr (III).
The reduced time interval for maximum removal of Cr (III) using polyaniline/saw dust (PANI/S.D) composite revealed that it has more adsorption sites which are available for rapid uptake of metal ions. The maximum % age removal of Cr (III) using polyaniline/saw dust (PANI/S.D) composite was 93.08 %. In case of polyaniline/rice husk (PANI/R.H) composite, the maximum % age removal of Cr (III) was 84.83 %, while it was only77.33 % employing polyaniline (PANI). After the maximum removal of Cr (III), the adsorption rates decreased to a constant value with increase in contact time because of all the available active sites were covered.
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Effect of pH pH of the aqueous solution is clearly an important parameter that controls the biosorption process. The % age removal of Cr (III) was studied as a function of pH in the range of 1.0-7.0. Alkaline pH was avoided, because it results in the precipitation of Cr(OH) 3 . The results are shown in Fig. 6 .
Fig. 6: Effect of pH on % age removal of Cr (III).
The maximum adsorption of Cr (III) was observed at 3.0 pH using polyaniline and its composites. The maximum % age removal value for polyaniline/saw dust (PANI/S.D) composite was 95.6 %. In case of polyaniline/rice husk (PANI/R.H) composite, the maximum % age removal of Cr (III) was 86.35 %, whereas it was 77.26 % when polyaniline (PANI) was employed. The pH dependency is basically related with the type and ionic state of functional groups present on the adsorbents and state of chromium in solution. The adsorption resulted due to the chelate type interactions between the positive chromium ions: Cr(OH) 2+ , Cr(OH) 2 + and Cr (III) and ,-NH, N=Q=N and N=B=N functional groups in adsorbents. At pH 3.0 or less, Cr (III) is a dominating specie but above that pH, Cr (III) concentration gradually decreases while that of Cr(OH) 2+ and Cr(OH) 2 + increases. That's why, maximum removal of Cr (III) occurred at pH 3.0. Above this pH value, there was a decline in adsorption because of reduction in the number of Cr (III) ions as they hydrolyzed to Cr(OH) 2+ and Cr(OH) 2 + . The presence of these chromic species with less charge resulted in decreased adsorption rates.
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Effect of agitation speed The effect of variation in the agitation speed on the adsorption of Cr (III) was studied and the results are shown in Fig. 7 . It was observed that % age removal of Cr (III) increased with the decrease in stirring speed. At 100 rpm maximum adsorption occurred using all adsorbents. After that the kinetic energy of Cr (III) and adsorbent particles was increased to a level that they collide with each other with a greater speed resulting in detachment of loosely bound ions. Also they did not get appropriate time to interact with each other. The maximum % age removal of Cr (III) was 94.45 % using polyaniline/saw dust (PANI/S.D) composite, 89.53 % employing polyaniline/rice husk (PANI/ R.H) composite and 75.96 % in case of polyaniline (PANI).
Fig. 7: Effect of agitation speed on % age removal of Cr (III).
By increasing the speed, there was no further increase in adsorption. This is because all binding sites have been utilized and no binding sites were available for further adsorption. An increasing agitation rate may reduce the film boundary layer, surrounding the biosorbent particles, thus increasing the external film diffusion rate and the uptake rate.
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Effect of temperature The adsorption of Cr (III) on polyaniline and its composites was studied at various temperatures ranging o C. The results are given in Fig. 8 . The maximum % age removal of Cr (III) occurred at 20 0 C in case of polyaniline (PANI) and polyaniline/rice husk (PANI/R.H) composite, while at 30 0 C in case of polyaniline/saw dust (PANI/S.D) composite. The % age removal of Cr (III) values were 65.6, 85.91 and 97.5 % for polyaniline (PANI), polyaniline/ rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) composites respectively. The decrease in adsorption might happened due to the fact that at high temperature molecules move with greater speed and less time of interaction was available for adsorbate with adsorbent active sites.
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Fig. 8: Effect of temperature on % age removal of Cr (III).
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Adsorption isotherms
The Langmuir and Freundlich isotherms for all adsorbents are shown in Figs. 9 and 10 respectively and the corresponding parameters are given in Table 2 . 
Fig. 9: Langmuir isotherms for adsorption of Cr (III).
Sorption thermodynamic
The Gibbs free energy of adsorption (ΔG o ) of Cr (III) on all adsorbents was calculated from the Langmuir constant 'b' and mentioned in Table 2 . It was found to be -10.245, -11.41 and -4.7 KJ/mol with polyaniline (PANI), polyaniline/rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) composites respectively. The negative value of ΔG o confirmed the feasibility and spontaneity of adsorption process with greater removal of Cr (III) with polyaniline and its composites. These values also indicated the fact that adsorption of Cr (III) using polyaniline/saw dust (PANI/S.D) composite was more favorable and spontaneous process as compared to other two adsorbents. Fig. 11 shows the possible mechanism of Cr (III) adsorption on polyaniline/ rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) composites. In the Fig. 11, A -is anion doped in PANI/R.H and PANI/S.D during the chemical oxidation process of aniline. It is widely accepted that nitrogen-containing functional groups can act as adsorption sites for metal ions. Adsorption isotherms confirmed that the removal of Cr (III) occurs by chemisorption in monolayer fashion on the surfaces of polyaniline/rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) composites.
Mechanism discussion
Fig.10: Freundlich isotherms for adsorption of Cr (III).
The correlation coefficients obtained from the linear plots of Freundlich isotherm model fitted better than Langmuir when isolated polyaniline (PANI) was used as an adsorbent (Table 3) .
This value pointed out that the equilibrium data better fit to the Freundlich isotherm model. It referred to the multi layer physiosorption of Cr (III) on polyaniline (PANI). But in case of polyaniline composites, the correlation coefficient values clearly suggested that Langmuir isotherm model hold good for explaining adsorption of Cr (III) on these adsorbents. The data fitted indicated the homogeneous distribution of active sites on the composite surface, which results in chemisorption of Cr (III) on adsorbent. Because it is the basic assumption of Langmuir isotherm model that the adsorbent surface is homogeneous and monolayer chemisorption will occur. The overall adsorption of Cr (III) to the composite increased as compared to that on the simple polyaniline, because of the availability of more binding sites on the composites. 16 
Desorption studies
The regeneration of used adsorbents using different acids was quantified and the results are shown in Fig. 12 . It was found that as compared to other acids, HCl is a good eluent for desorption of Cr (III) from all adsorbents. The regenerated adsorbent can be re-employed for adsorption with a little decrease in efficiency Real industrial effluent treatment Various results obtained from previous optimization experiments were employed to conduct a batch experiment with real industrial effluents from industry near Lahore. There was slight decrease in percentage removal efficiency when the adsorbents were used for treatment of real industrial effluents. Using PANI, the maximum % age removal of Cr (III) was 63.21% while in case of PANI/R.H and PANI/S.D, the removal efficiency was 72.31 and 81.43%. Moderate to a slight decrease recorded in adsorption efficiency which could be because of the presence of various contaminants which may compete for binding sites on the adsorbents.
CONCLUSION
Two composites of polyaniline i.e. polyaniline/rice husk (PANI/R.H) and polyaniline/saw dust (PANI/S.D) were synthesized, characterized and employed as adsorbents for Cr (III). Composites of polyaniline with rice husk and saw dust played an important role in modifying the morphology and preventing the aggregation of the particles of polyaniline. At 100 rpm agitation speed and at a pH 3.0, the optimal Cr (III) removal was observed. The batch experiments showed that the adsorption isotherms Cr (III) were different, which suggested that physiosorption occurred using isolated polyaniline and chemisorption occurred when composites were employed for adsorption. The negative value of ΔG o confirmed the spontaneity and feasibility of the adsorption process. The adsorption efficiency of polyaniline/ saw dust composite was maximum as compared to simple polyaniline and its rice husk composite. The observed trend of adsorption for these adsorbents was decreased in the following order: PANI/.S.D > PANI/R.H > PANI. For desorbing Cr (III) from adsorbents, HCl was found a good eluent. From this study, it can be safely concluded that polyaniline composites with rice husk and saw dust of Eucalyptus camaldulensis are good adsorbents for the removal of Cr (III) from aqueous media.
